A fter assumption of upright posture from supine or seated positions, arterial blood pressure (BP) is typically maintained by increased sympathetic activity leading to vasoconstriction and increased heart rate. Orthostatic hypotension (OH) occurs when these normal compensatory mechanisms are deficient. The most widely accepted definition of OH is a decline of systolic BP (SBP) ≥20 mm Hg or a decline of diastolic BP (DBP) ≥10 mm Hg within 3 minutes of standing.
A fter assumption of upright posture from supine or seated positions, arterial blood pressure (BP) is typically maintained by increased sympathetic activity leading to vasoconstriction and increased heart rate. Orthostatic hypotension (OH) occurs when these normal compensatory mechanisms are deficient. The most widely accepted definition of OH is a decline of systolic BP (SBP) ≥20 mm Hg or a decline of diastolic BP (DBP) ≥10 mm Hg within 3 minutes of standing. 1 Risk factors associated with OH include advanced age, hypertension, antihypertensive drugs, and diabetes mellitus.
that those individuals randomized to the intensive SBP treatment goal of <120 mm Hg might be at particularly high risk for OH because of their greater number and doses of antihypertensive medications and their lower SBP goal. The present study, therefore, seeks to answer 2 important questions: (1) What is the incidence of OH in adults with diabetes mellitus and hypertension randomized to intensive (SBP <120 mm Hg) versus standard (SBP <140 mm Hg) BP goals? (2) Does OH have independent prognostic significance for the combined primary end point of the trial (nonfatal myocardial infarction (MI), nonfatal stroke, and cardiovascular death) in this population? The large size and design of ACCORD presented an excellent opportunity to answer these questions.
Methods

Study Design
ACCORD was a double 2-by-2 factorial design randomized trial conducted at 77 clinical sites organized into 7 networks in the United States and Canada. 11 The trial enrolled 10 251 high-risk participants with type 2 diabetes mellitus (T2DM). Participants were eligible if they had T2DM and a glycohemoglobin level of ≥7.5% and were between the ages of 40 and 79 years with cardiovascular disease or 55 to 79 years with anatomic evidence of subclinical atherosclerosis, albuminuria, left ventricular hypertrophy, or ≥2 additional risk factors for cardiovascular disease (dyslipidemia, hypertension, smoking, or obesity). Study exclusions included a body mass index of >45 and a serum creatinine of >1.5 mg/dL. All participants were randomly assigned to either intensive or standard glycemic control (the ACCORD Glycemia trial). 12 In addition, 5518 of these participants were randomly assigned to either simvastatin plus fenofibrate or simvastatin plus placebo (the ACCORD Lipid trial) 13 ; the remaining 4733 participants were randomly assigned to either intensive or standard BP control (the ACCORD BP trial), 10 on which the current report is based. ACCORD BP was a nonblinded trial in which participants were randomly assigned to intensive therapy that targeted SBP of <120 mm Hg or to standard therapy that targeted SBP of <140 mm Hg. Individuals with SBP between 130 and 180 mm Hg who were taking ≤3 antihypertensive medications and who had the equivalent of a 24-hour urinary protein excretion of <1.0 g were eligible for the BP trial. The ACCORD BP trial tested a treatment strategy to achieve specific SBP goals rather than an evaluation of any specific drug regimen. Therefore, all available classes of antihypertensive medications were used to lower BP as previously described. 10 The average difference in BP achieved in the in the intensive treatment group compared with the standard treatment group was 14.2 mm Hg for SBP and 6.1 mm Hg for DBP. The mean number of antihypertensive medications used was 2.1 for the standard group and 3.4 for the intensive group. The primary composite end point of cardiovascular death, nonfatal MI, or nonfatal stroke did not differ significantly between treatment arms although the risk for stroke, a prespecified secondary outcome, was significantly lower in the intensive treatment arm. 10 Serious adverse events related to the intervention, including most commonly hypotension and syncope, were observed in 3.3% of the intensive group compared with 1.3% in the standard group (P<0.001). 10 All participants in the ACCORD BP trial were eligible for participation in the OH measurements, which began in October 2004. Standing BP was measured at baseline and at the 12-month and 48-month follow-up visits using the same automated oscillometric device (Omron HEM-907) that was used to measure seated BP. After at least 5 minutes of seated rest, BP was determined 3× at 1-minute intervals; participants were then asked to stand. Starting when their feet touched the ground, BP was taken every minute for 3 minutes in the same arm used for the seated measurements. Blood pressure change was calculated using the minimum standing measurement minus the mean of the seated measurements 1 The person recording the standing measurements also recorded whether the participant experienced dizziness or felt lightheaded on standing for this assessment.
The occurrence of consensus OH was defined by a decline in SBP ≥20 mm Hg or a decline in DBP ≥10 mm Hg from sitting to standing. 1 The detection of OH unaccompanied by orthostatic symptoms of dizziness, presyncope, or syncope was not to influence treatment, according to the antihypertensive drug treatment algorithm. Medication adjustments were allowed for the management of symptomatic OH.
For participants in the intensive therapy group, clinic visits to assess BP were scheduled once a month for 4 months and every 2 months thereafter; for participants in the standard therapy group, visits were scheduled at months 1 and 4 and every 4 months thereafter. Additional visits were scheduled as needed in both groups to monitor and ensure appropriate implementation of the study intervention strategies. Telephone follow-up was used for those unable to visit the clinic. The occurrence of a coronary event, stroke, or cardiovascular death was reported by the clinic staff and adjudicated by a Clinical Events Committee, blinded to treatment group assignment.
Statistical Analysis
Differences in baseline characteristics, including the prevalence of OH symptoms, between the group ever demonstrating consensus OH and the group that did not were compared by 2-sample t test or χ 2 analysis. The baseline characteristics examined included age, sex race, body mass index, duration of diabetes mellitus, smoking status, glycohemoglobin, hematocrit, treatment with antihypertensive drugs, and history of coronary heart disease, stroke, heart failure, or carotid/ peripheral artery disease.
Prevalence of OH at a specific visit was defined based on the occurrence of consensus OH at that visit, regardless of whether OH had been identified at previous visits. Incidence of OH at a specific follow-up visit was defined as the occurrence of consensus OH at that visit among participants who had been examined previously but had not demonstrated OH. Resolution of OH at a specific follow-up visit is defined as the absence of consensus OH at that visit among participants who had consensus OH at their last assessment. Visitspecific differences in OH prevalence, incidence, and resolution by assigned treatment group were evaluated using χ 2 analyses. Because the cohorts of participants examined differed among visits, we also performed a similar analysis restricted to participants examined at all 3 visits (baseline and 12 and 48 months post randomization).
The associations between baseline characteristics and the occurrence of consensus OH at baseline or during follow-up were examined using generalized linear mixed model assuming a binary distribution and a logit link, with the presence of consensus OH as the response variable and after adjusting for subject and all variables shown in Table 4 . Visit month was treated as a time-dependent variable in these analyses. By treating each assessment as a separate observation while accounting for the within-in subject correlation, this model assigns more weight to participants with multiple assessments than to those assessed only a single time point. Similar analyses based on general linear models for repeated measurements with delta SBP (standing SBP−seated SBP) and delta DBP (standing DBP−seated DBP) as dependent variables are presented in the Appendix in the online-only Data Supplement.
The associations between consensus OH and subsequent cardiovascular events were evaluated using proportional hazards models accounting for left truncation, with follow-up for each participant beginning at the time of the first standing BP assessment and OH status treated as a time-dependent covariate based on the occurrence of consensus OH at the most recent assessment for each participant. All models included covariates controlling for BP treatment group assignment, glycemia treatment group assignment, and history of cardiovascular disease at baseline. We also tested for interactions between BP treatment group assignment and consensus OH. In sensitivity analyses, we also examined systolic OH alone, time-dependent definitions of OH based on any occurrence (ever OH) or based on an updated value defined as the number of visits with OH divided by the number of assessments completed at or before the most recent visit. In all cases, results were qualitatively similar to the model with OH based solely on the last visit; the results for the systolic OH analyses are included in the Appendix in the online-only Data Supplement, as are analyses of delta SBP and delta DBP as predictors in place of OH. For all analyses, a 2-tailed P<0.05 was required to reject the null hypothesis.
Results
In total, 4266 ACCORD BP participants had orthostatic BP measurements on at least 1 visit, including 1321 at baseline, 2625 at 12 months, and 3702 at 48 months, with 926 having measurements at all 3 time points ( Figure 1 ). The smaller number of orthostatic BP measurements at baseline and 12 months was because the OH measurements did not commence until 44 months after ACCORD BP began. Consensus OH occurred on at least 1 time point in 852 individuals (20.0%). Individuals with OH were more likely to be women, non-Hispanic white, have had previous MI, and use β-blockers and insulin. They also had higher seated SBP and DPB at baseline. Those with OH were less likely to use sulfonylureas (Table 1) . Table 2 compares the prevalence, incidence, and resolution of OH in the intensive versus standard BP treatment groups. The most noteworthy finding is the lack of significant difference in OH prevalence, incidence, or resolution between the treatment groups at all time points. A similar lack of treatment group difference in OH occurrence was observed in the subset with standing BP measurements at all 3 points. Although OH prevalence at baseline averaged 17.8% in the total sample with baseline measurements, prevalence at 12 and 48 months declined to 10.4% and 12.8%, respectively, with resolution rates between 70% and 82%. Similar time trends were seen in the subset assessed at all 3 points.
At the baseline examination, 31 of 676 (4.6%) intensive group participants and 35 of 679 (5.2%) standard group participants reported feeling dizzy on standing for the BP measurement (P=0.71). During follow-up, these numbers were 71 of 1337 (5.3%) intensive group participants and 65 of 1308 (5.0%) standard group participants (P=0.72) for the 12-month examination and 106 of 1860 (5.7%) intensive group participants and 77 of 1896 (4.1%) standard group participants (P=0.02) at the 48-month examination. Thus, symptomatic dizziness on standing was modestly but significantly higher in the intensive than in the standard group only during the at 48-month examination.
Although <10% of participants with consensus OH at any time point reported dizziness on standing during the examination, at the 12-and 48-month visits, participants with consensus OH were about twice as likely to report symptoms of dizziness on standing during the BP examination compared with those without OH (Table 3) . Of participants reporting dizziness when standing for the BP examination at baseline, only 11 of 66 (16.7%) had consensus OH. These numbers were 25 of 136 (18.4%) at 12-month follow-up and 39 of 183 (21.3%) at 48-month followup. Figure 2 displays histograms of the orthostatic change in SBP and DBP at the baseline visit, showing a normal distribution for both variables centered around 0 to −5 mm Hg, with a similar proportion of individuals demonstrating reductions in SBP ≥20 mm Hg and reductions in DBP ≥10 mm Hg. Table 4 shows the baseline characteristics independently associated with consensus OH on fully adjusted regression analysis. Female sex, higher SBP and hemoglobin A1c, current smoking, and use of β-blockers, α-blockers, and insulin were associated with greater likelihood of OH, whereas black race was associated with a lesser likelihood of OH. Of note, the assigned BP treatment group was not associated with OH. In addition, individuals were less likely to show OH at the 12-and 48-month visits than at baseline. In Tables S3 and S4 in the online-only Data Supplement, the baseline characteristics associated with delta SBP and delta DBP as continuous variables are generally similar to those for consensus OH. Table 5 examines the relationship between consensus OH at the most recent visit and the primary combined outcome and its components and with other secondary outcomes after controlling for treatment assignment for both the blood pressure and glycemia interventions, cardiovascular disease history at baseline, and clinical network (primary outcome only). No significant relationship was observed between OH and the combined primary outcome of nonfatal MI, nonfatal stroke, cardiovascular death, or its components. However, compared with individuals without OH, those with OH had 85% higher risk for heart failure deaths or hospitalizations (P=0.01) and 62% higher risk for total mortality (P=0.02). Similar findings were observed for the subset of individuals with systolic OH (Tables S1 and S2) except that only the higher hazard for mortality was significant (hazard ratio, 1.80; P<0.01). There was no evidence of an interaction between the effect of treatment group and the effect of consensus OH for any of the reported outcomes (P>0.13 in all cases).
Discussion
In the ACCORD BP trial, consensus OH, defined by a decline in systolic BP ≥20 mm Hg or a decline in diastolic BP ≥10 mm Hg, occurred at ≥1 of the 3 time points in 20% of participants. Independent factors associated with OH were female sex, white race, current smoking, higher baseline systolic BP and hemoglobin A1c, and use of α blockers, β-blockers, and insulin. Of note, neither age nor assignment to intensive versus standard BP treatment goals was associated with OH although dizziness on standing during the examination was slightly more common in the intensive than in the standard group at the 48-month examination. Individuals were less likely to experience OH at 12 or 48 months of follow-up than at baseline. OH based on standing BP measurements was poorly correlated with orthostatic symptoms-only 17% to 20% of those reporting lightheadedness or dizziness on standing at the time of the examination had consensus OH and <10% of those with consensus OH reported dizziness on standing during the examination. Although no significant relationship was found between OH and the combined primary end point of nonfatal MI, nonfatal stroke, cardiovascular death, or its components, OH was associated with higher total mortality and higher rates of heart failure hospitalization and death.
The current findings in a large cohort with T2DM and hypertension share both similarities and noteworthy differences from previous studies examining the epidemiology of OH. Higher rates of OH have been associated with higher 5, 7, 14, 15 which may reflect both exaggerated baroreflex changes and regression to the mean of repeated BP measurements. Alpha adrenergic-blocking drugs reduce BP by arterial vasodilation, which is exacerbated by venodilation on standing; their ability to cause OH is widely recognized. 16 β-blockers have also been associated with OH, likely related to blunting of the compensatory cardioacceleration that occurs on standing. 16 Association of OH with higher hemoglobin A1c and insulin use may reflect more advanced diabetes mellitus, with higher prevalence of later stages of cardiovascular autonomic neuropathy when OH is more likely to occur. 17 In addition, insulin-induced vasodilatation, possibly mediated via endothelium-dependent mechanisms, may also contribute. 18, 19 This explanation is further supported by trends for longer duration of diabetes mellitus and higher prevalence of peripheral neuropathy in patients with OH on univariate analysis although both were nonsignificant on multivariable analysis. Higher rates of OH occurrence in women than in men and in whites versus blacks have been previously observed. 20, 21 A noteworthy difference between the current findings and previous studies was the lack of increase in OH with age in ACCORD. In epidemiological studies, OH prevalence is generally low in younger patients and increases substantially with age, 5, 8, 9, 14 probably secondary to age-associated autonomic dysfunction. The likely higher prevalence of autonomic dysfunction in the ACCORD cohort with longstanding T2DM plus the upper age cutoff of 80 years for trial eligibility may partially explain the absence of a relationship of OH with age in this study.
The observation that OH incidence was unrelated to assigned BP treatment group intensity and the lower rates of OH on follow-up than at baseline are important and reassuring findings. Although assignment to intensive BP control did not significantly affect the composite primary end point in ACCORD BP, there was a substantial reduction in the annual stroke rate in this group, 0.32% versus 0.52% per year, P=0.01. 10 The current data are, therefore, reassuring that a decision to treat individuals with diabetes mellitus who are at high stroke risk to a lower BP target would not increase the risk of OH. Furthermore, a similar lack of increased OH incidence in nondiabetic individuals at high cardiovascular risk treated to a systolic BP target of 120 mm Hg was shown in SPRINT (Systolic Blood Pressure Intervention Trial), in which mortality and major cardiovascular events were reduced by 25% in patients assigned to this BP target. 22 Our findings that OH was independently associated with increased risk of total mortality and heart failure deaths or hospitalizations have also been observed in previous studies. [7] [8] [9] 17, 18 Increased total mortality in patients with OH was seen in men 71 to 93 years old in the Honolulu Heart Program, 8 in a general population in Malmo, Sweden, 7 and in the Hypertension Detection and Follow-up Program. 9 In the latter study, the association of OH with accelerated mortality was particularly strong in the diabetic subset. A higher rate of heart failure was observed in patients with OH in the predominantly middle-aged ARIC (Atherosclerosis Risk in Communities) cohort 23 and the Cardiovascular Health Study participants of mean age 74 years. 24 In contrast with ARIC, 5 we did not observe an increased stroke risk in patients with OH despite the high-risk profile of ACCORD participants. Although OH was associated with a higher rate of coronary events in previous epidemiological studies, [7] [8] [9] the rate of MI was not significantly increased with OH in ACCORD.
The current findings should be interpreted in light of the study's strengths and limitations. To our knowledge, the ACCORD cohort represents the largest sample of individuals with diabetes mellitus in whom the prevalence and incidence of OH have been reported. The standardized protocol using multiple measurements of seated and standing BP and the detailed participant follow-up and adjudication of cardiovascular events and cause of death are additional study attributes. However, the use of seated BP may have resulted in lower rates of OH than had supine BP been used before standing. Nevertheless, seated BP is more representative of clinical practice. A second limitation was the implementation of standing BP measurements well after the trial began, resulting in a smaller sample with orthostatic BP determination at all 3 time points. Finally, the absence of individuals aged ≥80 years was based on the parent ACCORD Glycemia Trial exclusion criteria, thus eliminating the age group with the highest expected rate of OH.
Perspectives
The prevalence and incidence of consensus OH in this ACCORD cohort with both hypertension and T2DM were relatively high. However, incident OH rate decreased over time and was not related to aggressive versus standard BP target assignment. Factors associated with OH in this setting were white race, female sex, current smoking, higher seated systolic BP and hemoglobin A1c, and use of α blockers, β-blockers, and insulin. Occurrence of OH was an independent marker for total mortality and heart failure death or hospitalization but not for nonfatal MI, stroke, cardiovascular death, or their composite. The current findings are reassuring that a decision to treat high-risk individuals with diabetes mellitus to a lower BP target should not increase the risk of OH.
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